Costly punishment of cheaters who contribute little or nothing to a cooperating group has been extensively studied, as an effective means to enforce cooperation. The prevailing view is that individuals use punishment to retaliate against transgressions of moral standards such as fairness or equity. However, there is much debate regarding the psychological underpinnings of costly punishment. Some authors suggest that costly punishment must be a product of humans' capacity for reasoning, self-control and long-term planning, whereas others argue that it is the result of an impulsive, present-oriented emotional drive. Here, we explore the inter-temporal preferences of punishers in a multilateral cooperation game and show that both interpretations might be right, as we can identify two different types of punishment: punishment of free-riders by cooperators, which is predicted by patience (future orientation); and free-riders' punishment of other free-riders, which is predicted by impatience (present orientation). Therefore, the picture is more complex as punishment by free-riders probably comes not from a reaction against a moral transgression, but instead from a competitive, spiteful drive. Thus, punishment grounded on morals may be related to lasting or delayed psychological incentives, whereas punishment triggered by competitive desires may be linked to short-run aspirations. These results indicate that the individual's time horizon is relevant for the type of social behaviour she opts for. Integrating such differences in inter-temporal preferences and the social behaviour of agents might help to achieve a better understanding of how human cooperation and punishment behaviour has evolved.
INTRODUCTION
Altruistic (costly) punishment refers to the readiness of humans to punish cheating group members at their own cost, even in one-shot interactions when no clear future returns are available. Such costly sanctions are a powerful instrument for protecting cooperation against exploitation by cheaters, and therefore help to sustain high cooperation levels [1] [2] [3] [4] [5] [6] [7] [8] -a fact that puzzles scientists across the behavioural and biological sciences.
Despite increasing research interest, the mechanisms involved in costly punishment are poorly understood. Costly punishment of free-riders is supposed to be spurred by a moralistic drive to impose norms of fairness [2, 3, 5, 7, [9] [10] [11] [12] [13] [14] [15] . But what if the punishing individual is also a free-rider? Free-riders' punishment is unlikely to be driven by the same moral sentiments. More likely, the punishment by a free-rider could serve a competitive desire to achieve a higher pay-off than the other group members even at the punisher's own absolute cost [7, [16] [17] [18] [19] . Falk et al. [7] described the different nature of punishment by free-riders versus the punishment by cooperators. Punishment by free-riders is very sensitive to the relative cost of punishment: when no improvement of relative standing is possible, free-riders no longer punish. By contrast, punishment by cooperators is barely influenced by the cost of punishment, as if cooperators were ready to teach cheaters a lesson at any cost, even if this means losing relative standing within the group. This potentially fundamental difference in motivation must be kept in mind when investigating the possible drivers of punishment decisions. Moralistic punishment of norm violations is currently interpreted as either a product of humans' capacity for reasoning, self-control and long-term planning [9, 10] or, at the opposite extreme, as a result of an impulsive, present-oriented emotional drive [11 -15] . However, within the debate on the psychological roots of punishment, the possibility that some punishers (i.e. free-riders or norm-violators) may be guided by non-moralistic motives has not been deeply explored. This study focuses on the link between the punisher's inter-temporal preferences and the type of costly punishment she opts for, and explores whether the two antagonistic forces behind punishment may be partially predicted by this individual characteristic.
The relationship between inter-temporal preferences and punishment behaviour has so far been investigated only with the ultimatum game (UG). The UG is based on a stake that has to be shared between two individuals according to the proposal of one of them (proposer), which the second player (responder) can accept or reject. If the responder rejects, both players get nothing. Rejection of unfair offers is considered an act of costly fairness enforcement. In this game, impatient (present-oriented) individuals are more prone to reject low offers [11] . This result seems to back other researchers' interpretation that costly punishment is driven by impulsive emotions [12] [13] [14] [15] . According to this view, an 'irrational' impulse would lead the punisher to disregard the future consequences of punishing norm violations. However, the standard UG does not allow disentangling whether observed behaviour is driven by competition on relative outcomeenvy, in psychological terms-or by moralistic reactions against unfairness, because both natures of punishment would result in the rejection of low offers (that is, the same observable behaviour) [20] . In fact, some challenging neural evidence points to the involvement of self-control and long-term planning in rejection decisions [9, 10] .
We analysed the connection between inter-temporal preferences and the nature of punishment by cooperators and free-riders, using a one-shot public good game with punishment (PGP). The PGP makes it easier to disentangle different types of punishers by analysing their behaviour in the cooperation stage prior to punishment. Therefore, it allows determining whether the punishing individuals are in compliance with the norm or not-a dichotomy that has been found to have critical implications for cooperation and its evolution [4,8,16,21 -23] .
We used a one-shot procedure in order to elicit individuals' behavioural norms when punishing [5] . In our PGP, four anonymous players endowed with E10 first decided how much money to contribute to a common group pot. The sum of contributions in the pot was then multiplied by two and shared evenly among the four group members, which incentivized free-riding on others' cooperation. Therefore, although the socially efficient outcome in this game is full cooperation, the Nash equilibrium based on narrowly defined selfish rationality predicts full defection. The results of the contribution stage were then made public, and participants were allowed to reduce other group members' earnings at their own cost (punishment stage). Participants were allowed to spend up to E3 to reduce other group members' earnings, with each euro spent reducing the target player's earnings by E3. This 1 : 3 ratio allows punishment to be implemented with competitive as well as moralistic goals. However, a selfish individual would never make use of punishment in our one-shot anonymous setting. We also asked participants how much punishment they expected to receive from the other group members (see §4).
Individuals' manner of discounting delayed outcomes (i.e. their inter-temporal preferences or impatience) is a stable personal attribute [24] that unambiguously influences many fields of human behaviour [25] . High delay discounting (DD), measuring the willingness to prefer smaller rewards to larger but more delayed rewards, has been related to different scales of impulsivity and to lessened self-control [26] (however, see [27] for neural evidence suggesting that self-control and the evaluation of delayed rewards might respond to different psychological processes). As DD can predict inter-temporal decisions [25] , it constitutes a helpful method for disentangling whether individuals perceive a given behavioural strategy as linked to early or delayed psychological incentives (see below for a discussion on an alternative interpretation).
We obtained DD functions for each participant through a standard task [28] computing their discounting parameter k from the hyperbolic characterization [29] . The parameter k represents the steepness of the discount function. The higher an individual's k, the more she discounts delays, and therefore the higher her impatience.
We ran field experiments with 160 participants (mean age 46.8 years; 64% females) from all walks of life in southern Spain. By means of non-laboratory experiments, we expected to attain higher heterogeneity among individuals' discount rates [30] . We indeed found important differences in DD among participants (see the electronic supplementary material, figure S4 ). The average k in our sample was 0.759 (+0.034, s.e.m.) in annual terms and related negatively to different income variables as in other field studies [31] , but it was unrelated to individuals' contributions to the public good (see the electronic supplementary material, table S1). This lack of a relationship between DD and contributions might result from the incentives to strategically cooperate introduced by punishment (i.e. potential free-riders cooperate in order not to be punished), because others have found that DD and contributions are negatively correlated in one-shot public good games without punishment [32] (see the electronic supplementary material).
RESULTS
Sixty participants (37.5%) used the sanctioning mechanism at least once. The total amount of money reduced through punishment was E496 (from E2585 earned by cooperation), with 124 instances of punishment in total (E124 paid by punishers caused a reduction of E372 to the punished group members). In figure 1a, we show how the individual's DD and her deviation from other group members' mean contribution ('deviation' henceforth) impact on her willingness to punish. Individuals contributing more than E1 below the others' mean (i.e. deviation , 21) are included within the 'below average' category, those around the others' mean contribution (deviation between 21 and 1) within 'average' and high contributors (deviation . þ1) within 'above average' (same classification as used by Gächter & Herrmann [8] ). To facilitate visual interpretation, DD is depicted in colours, with k increasing from blue to red. Three categories of DD are constructed, each with one-third of the sample. The probability of punishing, P(p), in the vertical axis represents the fraction of individuals using punishment. That is, P(p) captures the proportion of punishers within each category of figure 1a. Evident differences exist between the punishment patterns of the three DD categories. However, because DD and deviation are continuous variables, the proper method to estimate the existing link is through regression analysis, which also allows controlling for other personal characteristics given the field origin of data. That is, the probability of punishing-whether an individual implements punishment or not-is regressed as a function of the punisher's deviation and k (probit regression with robust standard errors clustered at the group level).
Neither the positive effect of the punisher's deviation (p . 0.5) nor the negative effect of k (p . 0.1) on P(p) reach significance (see the electronic supplementary material, table S2, model 2), but their interaction does (p , 0.01; model 4). The predictions of the model are shown in figure 1b. It is notable that the strong positive relationship between deviation and P(p) capturing the behaviour of low-DD subjects reverses its slope as DD moves closer to its highest value. Wald tests reveal that DD is negatively related to P(p) for extreme positive deviations (most cooperative individuals; p , 0.01), while for extreme negative deviations (strongly free-riding individuals), the sign of this relationship is positive (p , 0.05). In sum, punishment from the cooperative side is carried out by patient individuals, but those impatient individuals implement punishment when their own contributions are relatively low.
The next analysis is to explore who receives the punishment by patient cooperators and impatient free-riders. Figure 2 shows the predicted likelihood of punishing another group member depending on the punisher's and target's absolute cooperative levels (i.e. their raw contributions, from 0 to 10). Two different panels for the low and high categories of DD characterized in figure 1a are presented. For this model (see the electronic supplementary material, table S6), we use three observations per subject (one for each partner) with the likelihood of punishing each partner as the dependent variable (robust standard errors are clustered to account for correlation at the individual and group dimensions). The estimate of the interaction effect between the punisher's DD and cooperation is negative and significant (p , 0.01, model 4), thus supporting the previous result using the deviation variable. The axis in figure 2 representing the punisher's cooperation shows that low-DD, future-oriented individuals (figure 2a) are more likely to punish the more cooperative they are, whereas high-DD, present-oriented individuals (figure 2b) punish less the more cooperative they are. On the other hand, the target's cooperation always impacts negatively on the likelihood of her being punished (p , 0.01), meaning that lower contributions are more likely to get punished. However, the interaction between the punisher's DD and the target's cooperation is largely insignificant in our model (p . 0.6). Hence, although free-riding behaviour is most likely to receive punishment, looking at the behaviour of punishers, it is patient cooperators and impatient free-riders who head the retaliation.
Analyses based on the punishment expected by the subjects reveal that patient and impatient individuals do not have different expectations about what levels of contribution are more likely to get punished (see the electronic supplementary material, table S5). Also, scrutiny of the subjects' expectations on punishment suggests that, in the eyes of impatient free-riders, punishing other freeriders seemed to be adequate when it came to fighting for the relative position (i.e. to beat the rival). This insight is extracted from the fact that impatient free-riders did not expect to receive a sufficient level of punishment to put at risk the pay-off advantage they had over cooperators (see the electronic supplementary material).
DISCUSSION
These results indicate that both previous interpretations of costly punishment might be correct if applied to the right subpopulation of punishers. Patience is characteristic of cooperators who decide to punish free-riders. Impatience, however, links to the punishment of free-riders by other free-riders. It has been shown that moralistic punishment benefits the society only in the long run [6] . Therefore, given its link with future orientation, it is possible that this kind of punishment is grounded in far-sighted collective motivations. On the other hand, the punishment implemented with non-moralistic goals by impatient Figure 1 . Delay discounting (DD), deviation and willingness to punish. This figure shows the willingness to punish (P(p)) as a function of the punisher's DD and relative contribution to the public good. Patient punishers are denoted in blue with impatience increasing towards red. (a) DD is divided into three quantiles, each with one-third of the sample (low, medium and high DD), whereas the punisher's deviation from other group members' mean cooperation is split into three theoretical categories: below average, average and above average. The number of observations in each category (lowDD, medDD, highDD) are: below average (23, 22, 19) , average (13, 10, 13) and above average (19, 20, 21) . (b) The punisher's DD and deviation are plotted as continuous variables impacting on P(p) from the specification of model 4 of the electronic supplementary material, table S2 (including controls and keeping them at the mean), but using ordinary least squares coefficients (see the electronic supplementary material, table S3). When comparing both panels, it can be observed that the disparities increase as more extreme cases are reached. Although the punisher's deviation theoretically belongs to the interval [210, þ10], in our sample it is reduced to the interval [28, free-riders seems to be characteristic of aggressive, ultracompetitive behaviour, which has previously been found to be related to present orientation [33] .
In the light of recent research on the role of intuition versus reflection in social decision-making [34, 35] , one might wonder whether the decisions on punishment are also shaped by intuition. Indeed, impatient responses in DD tasks have also been related to individuals' predisposition to follow their intuitions [36] . There might therefore exist an underlying common cognitive process leading individuals to choose smaller rewards that are received sooner (i.e. being impatient in DD tasks) and to behave intuitively without further deliberation. It would be interesting for future research to analyse response times of free-riders and cooperators when punishing in order to unravel whether our results are only due to individuals' inter-temporal preferences or instead driven by a more basic cognitive process [37, 38] .
From the results, we cannot reject the hypothesis that negative emotions spur moralistic punishment in the PGP but, if this is the case, these emotions must be founded in more far-sighted, pro-social sentiments than mere selfcentred revenge or spite. Given that previous research has found that more impatient responders in the UG are more likely to reject low offers [11] , this new evidence also suggests a potential difference between cooperators' punishment in the PGP and responders' rejections in the UG. This possibility should be explored in deeper detail in further research analysing, for instance, whether impatient responders who reject unfair offers are themselves fair or unfair. Indeed, Carpenter [39] found that subjects with a competitive social value orientation [19] rather than 'fairmen' were responsible for most rejections in his experiments.
Our findings indicate that inter-temporal preferences and social behaviour are inter-related with each other in a much more complex fashion than discussed so far. Future research has to elicit the exact role of impulse, habits and reasoning for cooperation and defection [34] , as well as for punishment and reward decisions. A better understanding of the role of inter-temporal preferences (and their possible context dependence) for shaping social and anti-social behaviour of agents might be important to refine our understanding of how human cooperation and punishment behaviour has evolved.
METHODS
One hundred and sixty inhabitants of small, semi-rural populations (1000-7000 inhabitants) in northern Granada (Andalusia, Spain) were invited to take part in experiments designed to elicit their DD and behaviour in a one-shot public good game with punishment. The participants, 103 of whom were female, were aged between 16 and 82 years (mean 46.8 + 18.5 s.d.). The experiments were conducted in five sessions (32 subjects per session) at five different locations. Adapted standard instructions were read aloud, and several examples were illustrated on a whiteboard to ensure that the participants understood them. An experienced Spanish-speaking experimenter conducted all the sessions with an identical protocol (available in electronic supplementary material). The show-up fee was E5, and a drink and tapas after the experiment.
In the PGP, four anonymous players cooperated by contributing amounts of money from their endowment (E10) to a common pot. The sum of contributions in the pot was multiplied by 2 and evenly shared among the four group members. Hence, the individual returns of each monetary unit inside the pot, whatever their cooperative level, were a ¼ 2/4, meaning that contributing one unit had a cost of 1 2 a . 0. Thus, every euro invested in cooperation increased the group's earnings by E2, but cost the investor 50 cents.
The participants cooperated simultaneously and were informed ex ante about the possibility of reducing the other group members' pay-offs at a personal cost after the results of the first contribution stage had been revealed. The price of punishment was one-third of the total reduction in income imposed on the punished subject. Reduction through punishment was limited to a maximum of E9 (i.e. three punishment opportunities, without restrictions on their distribution among partners) to rule out negative pay-offs. The subjects also had to report their expectations regarding the punishment they would receive from their partners.
For the statistical analyses, we used the likelihood of punishing and not the intensity of punishment because the decision to punish and the decision about the amount are intrinsically different [40] , and it was our aim to explore what is behind the decision of incurring any cost to punish others. Also, the existing limit for the amount of punishment implemented (max. E9) generates dramatically different decisions depending on the distribution of other group members' behaviours, and not only on their mean behaviour. However, the main results remain similar if we use the intensity of punishment as the dependent variable in the regressions (available upon request from the authors).
The discounting task for measuring participants' intertemporal preferences was a simplified version of Harrison et al. [28] involving real monetary incentives with a frontend delay procedure (both the sooner and the later reward are delayed). The task consisted of making 20 decisions on whether to receive E150 one month following the experiment or a higher amount (increasing from E151.50 to E225) after six extra months. The decision card contained a table with two columns (options A and B) and 20 rows. In each row, option A offered E150 to be received one month after the experiment, whereas option B offered a higher amount to be received seven months later. Thus, option B in the first row offered E151.50 and option B in the 20th row E225. The participants had to decide between option A and B in each of the 20 rows. The lower amount at which an individual was willing to wait half a year was considered her indifference point (between options A and B). We used the discounting parameter (k [ [0.02, 1.211]) from the hyperbolic characterization [29] , calculated at the individual's indifference point, because it is the most commonly accepted functional form among behavioural scientists (see the electronic supplementary material, table S7 for analyses based on other discounting functional forms). Data available at http://dx.doi.org/10.5061/dryad.r7c7p.
